lationships observed throughout the world. All the studies of biosystematics demonstrated close relatedness between the two taxonomic structures (Boemare & Akhurst, 2001 , 2002 ) that indicate co-speciation between the bacteria and the nematodes. Such species associations are: X. nematophila and S. carpocapsae; X. japonica and S. kushidai; three or four Xenorhabdus-Steinernema associations in the course of characterisation; P. luminescens akhurstii and H. indica; and P. temperata temperata and the palaearctic group of H. megidis. However, sometimes one species of Xenorhabdus can share several species of Steinernema: X. bovienii is symbiotic for S. af ne, S. feltiae, S. kraussei and S. intermedium and X. poinarii for S. cubanum and S. glaseri. Conversely, two Photorhabdus subspecies are harboured by one species of Heterorhabditis (P. luminescens luminescens and P. luminescens laumondii by H. bacteriophora). These results are essentially due to taxonomic uncertainties corresponding to the de nition of species in bacteriology and/or nematology (Boemare, 2002) . In Steinernema spp. a signi cant co-evolving trait has been shown; the occurrence in the infective juveniles of an intestinal vesicle containing the Xenorhabdus symbionts (Bird & Akhurst, 1983) . In the case of Heterorhabditis, Photorhabdus cells stick together in the anterior part of young infective juvenile guts (Boemare et al., 1996) . Presumably in the past, the co-operation between the prokaryotic and the eukaryotic genomes brought a series of complementary functions providing both partners with new possibilities for the conquest of other niches that their ancestors were unable to explore when they were independent. Thus, the bacterium-helminth symbioses were devoted to attacking a wide range scale of insect orders without any speci city, while their ancestors had only simple microbivorous dietary regimes in the soil or in the sea.
According to the species of bacteria and of nematodes, the theoretical parasitic pattern may be as follows. The infective juveniles, which are the nematode third stages (also named 'dauer' juveniles or larvae), search (cruiser species) or wait (ambusher species) for an insect prey (Gaugler, 1993) . When the target insect is found they penetrate through natural openings(mouth, anus, spiracles) or directly through the tegument (mainly Heterorhabditis). They are not recognised by the insect macrophages (Brehélin et al., 1993) , while the contaminant microorganisms on their cuticle presumably induce anti-microbial peptide responses. Then nematodes transform into the fourth and adult stages and during this time induce a toxicogenesis (Boemare et al., 1982 (Boemare et al., , 1983 and release an immune depressive factor active against anti-microbial peptides facilitating release of the nematode's bacterial symbionts (Götz et al., 1981) . The bacteria multiply, and after 2 or 3 days at 25 ± C, the insects die due to septicaemia. Sometimes a toxaemia induced by the symbionts precedes the resulting septicaemia (Forst et al., 1997) . At the end of the bacterial multiplication, production of a large variety of antimicrobial compounds prevents microbial contamination, mainly from the insect intestinal micro ora (Akhurst, 1980 (Akhurst, , 1982 Webster et al., 1998) . By using the food supplies provided by the bacterial biomass and the metabolised insect tissues, the nematodes reproduce in the insect cadaver for one to three generations. Thus, bacteria create suitable conditions for the development of their nematode host in the insect cadaver. At the end of the parasitism, the recruitment of some bacterial cells by the nematode dauer juveniles before leaving the insect maintains the perennial symbiosis. Consequently, the bacterial symbionts live in two different habitats during their life cycles: they survive in the gut of the free-living stage of their nematode host, and they are inoculated into and multiply in the body cavity of insects creating a monoxenic microcosm. This situation helps the vertical transmission of the bacterial guests through the generations. The two different environments of the bacterial life cycle (in the nematode or in the insect) suppose two opposite physiologicalstates, quiescence and vegetative multiplication, that are parallel to the two main steps of their nematode host life cycle.
